Seven cyclic lipopeptide biosurfactants (1-7) were isolated for the first time from the fermentation broth of endophytic Bacillus clausii DTM1 and were identified as anteisoC 13 (1), anteisoC 12 [Val7] surfactin (2), anteisoC 15 [Val7] surfactin (3), isoC 14 [Leu7] surfactin (4), anteisoC 12 [Leu7] surfactin (5), nC 13 [Leu7] surfactin (6), and anteisoC 14 [Leu7] surfactin-(L-Glu)-O-methyl-ester (7); 1 has not been isolated before as a natural product from any source. Plate-based herbicide and insecticide bioassays showed that all compounds exhibited interesting insecticidal and herbicidal activities.
The secondary metabolites of Bacillus species are known for their ability to control plant diseases through various mechanisms [1] . It is also documented that Bacillus species have the potential to synthesize a wide variety of metabolites with antibacterial and/or antifungal activity, which is one determinant of their ability to control plant diseases when applied as a biological control agent [1] [2] [3] [4] . For instance, B. subtilis, the most studied species, is known to have strong antifungal activity by producing fungicidal and fungistatic peptides [3] . However, to the best of our knowledge, there have been limited studies on the activity of these peptides for controlling insects and weeds [5] [6] [7] . B. clausii, as one of the Bacillus species, has rarely been studied.
In this study, seven cyclic lipopeptides were isolated from the fermentation broth of B. clausii DTM1, and were identified as surfact in isomers. Of these seven, compound 1 was isolated as a natural product for the first time (although it had been prepared before by esterification of valine-7 surfactin isomer with a chain length of 13 carbons, but its spectral data have not been previously reported [8] ). The complete assignments of 1 H and 13 C NMR spectral data have been achieved by various 2D NMR experiments including 1 H-1 H COSY, HSQC, HMBC and ROESY.
Compound 1 was obtained as a white gum. Its molecular formula was assigned as C 51 H 89 N 7 NaO 13 on the basis of the HRESIMS. In the 1 HNMR spectrum, seven NH and seven α-H signals showed the presence of seven amino acid units. A strong signal at δ1.21 indicated the presence of a fatty acid chain. The 13 C NMR spectrum showed 10 ester/amide carbonyl signals and 7α-C signals. Amino acid units were identified as glutamic acid (Glu×1), aspartic acid (Asp×1), valine (Val×2) and leucine (Leu×3) on the basis of 1 H-1 H COSY analysis. The HMBC correlation between the signals at δ3.57 (the 1 H signal of OCH 3 ) and 173.8 (the residual CO of Glu1) established that the carboxyl group of Glu 1 was esterified. The substitution type of the branching methyl in the hydroxyl fatty acid chain was identified as anteiso by a 13 C NMR experiment using the method described by Lin et al. [9] . The sequence of the amino acid units and the fatty acid unit were assigned by a ROSEY experiment. was (R) according to previous biogenesis research [11] and confirmed by comparing the specific rotation with known compounds [12] . The structure of 1 was determined to be a methylated product of [Val7] surfactin isomer with a chain length of 13 carbons.
The structures of compounds 2-7 were identified by comparison of their spectral data with those described in the literature [12, 13] .
The bioassay, arranged by Sygenta, has been described in earlier work [14, 15] and the results are given in Table 2 . All the compounds showed activity against aphid species. It has been speculated that surfactin isomers interact with cuticle lipid molecules of aphids and induce cuticle membrane perturbation [5] . Compound 6 was also active against Plutella xylostella. Compounds 2-6 were active on Poa annua, and this is the first report of surfactin's activity against this plant species. Compounds 1 and 7 showed weaker activity against P. annua, which may be due to the methyl esterification of [Glu-1].
Due to the development of resistant mutants and new physiological races of pests and pathogens, many synthetic pesticides are gradually becoming ineffective. This creates a need to find alternative ways to control farm pests and pathogens. Natural products such as surfactins, which have activity against not only plant pathogens but also pests and weeds, make them an ideal biocontrol agent. B. clausii might be a valuable source which could be commercialized as mentioned above. 99 0 0 a. Data are presented as the means of the assessment scores across two replicates for the herbicide assays and three replicates for the insecticide assays.
Experimental
General: Perkin-Elmer-241 polarimeter; Perkin-Elmer Lambda 35 UV-VIS spectrophotometer; Perkin-Elmer one FT-IR spectrometer (KBr); Bruker-Ascend-400 MHz instrument at 300 K, with TMS as internal standard; preparative HPLC utilized a Waters equipped with a Kromasil RP-C18 column(10 × 250 mm, ID×L) and a UV detector; columns were of either silica gel (300-400 mesh) or Sephadex LH-20; all the solvents used were of analytical grade.
Material and cultivation of Bacillus strain:
The bacterial strain was isolated using PDA from the plant Dracocephalum tanguticum Maxim., and was identified as Bacillus clausii by characterization and complete 16S rRNA gene sequence. The strain (Genbank accession number was KR632489) has been preserved at Chengdu Institute of Biology, Chinese Academy of Sciences, China. This bacterium was cultivated on a 30 L scale using 1L Erlenmeyer flasks containing 400 mL of the seed PDA medium for 3 days and fermentation medium (soluble starch 0.8%, peptone 0.5%, NaCl 0.2%, CaCO 3 0.2%, MgSO 4 ·7 H 2 O 0.05%, K 2 HPO 4 0.05%) for 14 days at 28°C on a rotary shaker (250rpm). Herbicide assays: The compounds were tested for herbicidal activity against Arabidopsis thaliana at 10 ppm and Poa annua at 32 ppm. Test plates were stored for 7 days in a controlled environment cabinet. They were scored as 0 or 99, where 99 = herbicidal effect, and 0 = no effect.
Extraction and isolation of compounds:

Insecticide assays:
The compounds were tested for activity against an aphid species at 1000 ppm on a leaf-piece based assay, and against Plutella xylostella and Diabrotica balteata at 500 ppm in artificial diet assays. Compounds were applied to feeding aphids, or prior to infestation with P. xylostella and D. balteata larvae.
Positive control compounds were included in each test: thiamethoxam and indoxacarb for insecticide assays and norflurazon for herbicide assays (S21 and S22 in supplementary information). Test plates were stored in a controlled environment cabinet for 6 days for the aphid species, 5 days for D. balteata and 9 days for P. xylostella. Mortality was assessed relative to control wells using a 2 band system (0 or 99 where 99 = significant mortality( ≥ 70%), 0 = mortality not significant/no effect(≤70%)). Cyclic lipopeptides from Bacillus clausii DTM1 Natural Product Communications Vol. 10 (12) 2015 2153
